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CROSS REFERENCE TO RELATED APPLICATION 

This application claims priority from Provisional Patent Application Serial No. 
60/311,187 filed 08/09/2001. 
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£ BACKGROUND OF THE INVENTION 

:t ■ s 

J! 1. Field of the Invention 

O io This invention relates to electrically conductive materials useful in the formation of 

SI, 

f EMI/RFI shielding gaskets and the like. 



N= 2. Description of the Prior Art 

It is known to form EMI/RFI shielding gaskets from metal alloys such as metal 
15 phosphate and beryllium copper, the latter being the most widely used. Such alloys are 
relatively expensive. Moreover, in a Hazard Information Bulletin published by the 
Occupational Safety and Health Administration on September 2, 1999, exposure to beryllium 
has been cited as a cause of chronic beryllium disease (CBD), a disabling- and often fatal lung 
disease. It appears likely, therefore, that the use of alloys containing beryllium may eventually 
20 be severely curtailed, if not banned. 

It is also known to form EMI/RFI gaskets from composites comprising metallic foils 
bonded to polymeric substrates. While such composites are less expensive than the above 
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mentioned metal alloys, experience has indicated that either during formation into gaskets, or 
subsequently during repeated flexure of the gaskets, the metallic foils tend to crease, crack or 
pull away from the polymeric substrates. 

The objective of the present invention is to provide an improved electrically conductive 
5 composite material that overcomes the shortfalls of the previously developed composites, and 
is both relatively inexpensive as compared to metal alloys, and readily formable into gaskets 

q and other like EMI/RFI shielding components. 

O 

H ' 

. h,: 

13 10 SU MMARY OF THE INVENTION 

|S — ~" " 

45 In accordance with the present invention, first and second polymeric films are 

0 

►* provided, each being flexible and having upper and lower surfaces, with the second film being 
thermoformable at temperatures at and above its glass transition temperature. A flexible 
15 electrically conductive layer is applied to the upper surface of the first film, and the lower 
surface of the first film is adhered to the upper surface of the second film by an adhesive 
interlayer. The adhesive interlayer has elastic properties sufficient to accommodate relative 
movement between the thus adhered films occasioned by flexure of the composite. The 
relative movement between the first and second films during flexure of the composite serves to 
20 safeguard the electrically conductive layer from creasing, cracking or pulling away form the 
upper surface of the first film. 
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In addition to being thermoformable, the second film also may be resilient. Additional 
films may be included in the composite, and a second flexible electrically conductive layer may 
be applied to the side of the composite opposite to that to which the first conductive layer is 
applied. 

These and other features and objective so the present invention will now be described in 
greater detail with reference to the accompanying drawings, wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS: 

Figure 1 is a sectional view taken through one embodiment of an electrically conductive 
multilayer composite in accordance with the present invention, it being understood that this 
view is greatly enlarged with the relative dimensions of components exaggerated for illustrative 
purposes; 

Figure 2 is an exploded view of the composite shown in Figure 1; ' 

Figure 3 is a view showing the composite after it has been thermoformed into a shaped 
non-planar configuration; 

Figure 4 is an enlarged view of the circled portion of Figure 5; 

Figure 5 is a view showing the composite contoured to the shape of a substrate; 

Figure 6 is a view showing the composite resiliently bridging the gap between two 
mutually spaced relatively movable components; 
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Figure 7 is a view of an alternative embodiment having electrically conductive layers 
applied to both sides; and 

Figure 8 is an illustration of the test procedure used to evaluate the performance of 
composites in accordance with the present invention. 
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S DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



Vs. : 



«P With reference initially to Figures 1 and 2, an electrically conductive multilayer 

® 10 composite in accordance with one embodiment of the present invention is shown at 10. The 
m composite includes first and second flexible polymeric films 12, 14. Film 12 has upper and 
i lower surfaces 12a, 12b, and film 14 also has upper and lower surfaces 14a, 14b. Film 14 is 
H thermoformable at temperatures at and above its glass transition temperature. 

A flexible electrically conductive layer 16 is applied to the upper surface 12a of film 
15 12, and an adhesive interlayer 18 adheres the lower surface 12b of film 12 to the upper surface 
14a of film 14. 

The electrically conductive layer 16 is selected from the group consisting of copper, 
aluminum, nickel, tin, silver, gold, ferrous metals and alloys thereof. The electrically 
conductive layer may be applied as a foil adhered to the upper surface 12a of film 12 by an 
20 adhesive (not shown), or it may comprise a coating applied by known techniques, including for 
example electroplating, non-electrode deposition, vacuum deposition, - plasma deposition, 
sputter deposition, etc. In all cases, the layer 16 advantageously will be relatively thin, 
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preferably not more than 20 mils in thickness, and it will be securely anchored to the upper 
film surface 12a. The film 12 supports and stabilizes the electrically conductive layer 16, and 
in so doing resists creasing, cracking, or separation of the electrically conductive layer from 
the film surface 12a. 

The polymeric materials of the films 12, 14 may be selected from the group consisting 
of polyesters, polyamides, polyimides, polyurethanes, poly ethylenenesulf ones, polybutenes, 
and derivatives, polycarbonates, polystyrene, (and copolymers containing styrene) polyethylene 
(linear), polyethyethyleneketones, polyacrylates (including methacrylates), rigid PVC (and 
copolymers). Preferably, the bulk modules of elasticity of film 14 is higher than that of film 
12. 

The adhesive of interlayer 18 is preferably pressure sensitive, examples being those 
identified by the product designations V-402, V-23, V-106, V-95, V-98, V-156 and Densil, all 
of which are available from FLEXcon, Inc. of Spencer, Massachusetts, U.S.A. Such 
adhesives exhibit elastic properties at temperatures ranging from -50 to 150 °C. 

The composite 10 may be heated to an elevated temperature at or above the glass 
transition temperature of film 14, then flexed and formed into a shaped configuration as shown 
for example at 10' in Figure 3, and then cooled below the glass transition temperature of film 
14 to retain the thus shaped configuration. Flexure of the composite as a result of shaping will 
occasion relative displacement of the films 12, 14, as reflected by the edge offset "x" 
illustrated in Figure 4. The elastic properties of the adhesive interlayer 18 are sufficient to 
accommodate such relative movement between the films, during initial shaping as well as 
subsequently, when the thus shaped composite is subjected to repeated flexure, with the result 
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that minimal stress is placed on the electrically conductive layer 16 anchored to the upper 
surface 12a of film 12. 

The composite 10 may be thermoformed into various shapes. For example, and as 
shown in Figure 5, the composite may be contoured to the shape of a substrate such as the 
outer housing 20 of a cell phone, thus serving to shield the user from RFI generated by the 
phone. 

As shown in Figure 6, in cases where the second film 14 is comprised of a polymer that 
is both thermoformable and resilient, for example polyester, the composite 10 ' may be utilized 
as an EMI/RFI shielding gasket bridging the gap between components 22, 24 that are movable 
toward and away from each other. The gasket will respond to relative movement of the 
components 22, 24 by flexing resiliently, with the elastic properties of the adhesive interlayer 
18 again accommodating relative movement between the first and second films 12, 14. 

In a further embodiment as shown in Figure 7, a second conductive layer 26 may be 
applied to a third film 28, and the third film may be adhered to the bottom surface 14b of the 
second film 14 by a second adhesive interlayer 30 having elastic properties sufficient to 
accommodate relative movement between the second and third films occasioned by flexure of 
the composite when employed, for example, in a switch or the like. 

Example 1 

An electrically conductive multilayer composite was formed by initially 
employing a thermoset adhesive (Devcon 5 minute Epoxy supplied by the Consumer Division 
of 1TW Performance Polymers of Riviera Beach, Florida) to adhere a 0.7 mil copper foil to the 
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upper surface of a 1.0 mil polyester "first" film. The lower surface of the first film was then 
adhered to the upper surface of a 4.0 mil polyester "second" film by means of a pressure 
sensitive adhesive (FLEXcon's V-402). 

The composite was then thermoformed into a semicircular cross-sectional profile 10' as 
5 shown in Figures 3 and 6, having an inner diameter of 0.75 inches. This was accomplished by 
bending the composite around a cylindrical support heated to a temperature of 250°F and 
£ maintaining the composite in this position for 60 seconds, followed by cooling to ambient 
yi temperatures. 

£ As depicted in Figure 8, the thus formed composite 10' was then supported on a flat 

O io surface S and repeatedly flexed to a nearly flat condition as shown by the broken lines at 10". 
m Flexure was achieved in cycles by applying and releasing a downward force F at one second 
£ intervals. After 100 cycles, the copper foil remained smooth and securely adhere to the 
I s * underlying film, with no signs of creasing or cracking. 

15 Example 2 

Aluminum was vacuum deposited to a thickness of 1.5-2.0 microns on the upper 
surface of a 1.0 mil polyester first film, and the lower surface of the first film was adhered to 
the upper surface of a 4.0 mill polyester second film by means of a pressure sensitive adhesive 
(FLEXcon's V-402). The resulting composite was then thermoformed and tested in 

20 accordance with the procedures described in Example 1. After 100 test cycles, the aluminum 
remained smooth and securely adhered to the underlying film, with no signs of splitting or 
cracking. 
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Comparative Example 1 

A thermoset adhesive was used to adhere a 0.7 mil copper foil to the upper surface of a 
4.0 mil polyester film. The thermoset adhesive, copper foil and film were the same as those 
employed in Example 1. The resulting composite was then thermoformed and tested through 
repeated cycles, also in accordance with the procedures described in Example 1. After only 
five test cycles, the copper foil exhibited serious cracking. 

Comparative Example 2 

A pressure sensitive adhesive (V-402) was used in place of a thermoset adhesive to 
form the composite of Comparative Example 1. The resulting composite was thermoformed 
and tested through repeated cycles, in accordance with the procedures described in Example 1. 
After two test cycles, the copper foil exhibited creases and "piping" (pulling away from the 
underlying film), and at about 20 test cycles, continued creasing caused the foil to begin 
splitting. 

Comparative Example 3 

Aluminum was vacuum deposited to a thickness of 1.5-2.0 microns on the silicone 
coated surface of a polyester carrier film. The aluminum deposit was then transferred from the 
carrier film and adhered to the surface of a 4.0 mil polyester film by means of a pressure 
sensitive adhesive (FLEXcon's V-402). The composite was thermoformed and tested in 
accordance with the procedures described in Example 1. Metal splitting was observed within 
ten test cycles. 
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In light of the foregoing, it will be seen that the interposition of a film 12 and adhesive 
interlayer 18 between the metallic layer 16 and support film 14, combined with the elastic 
properties of the adhesive interlayer, serves to beneficially stabilize and protect the metallic 
layer from damage caused by repeated flexure of the composite. 
5 We claim: 
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